
WHAT IS CLAIMED IS 

1. A plasma processing method comprising the st@6s of: 
placing a substrate inside a reaction chamber of a plas- 
processing system, a silicon dioxide pZlm having been 
formed on the surface of the substrate; 

introducing a fluorocarbon gas./ which contains carbon 
and fluorine and in which a ratipr of carbon to fluorine is 
0,5 or more, into the reaction /chamber ; and 

creating a plasma from/the fluorocarbon gas and etching 
the silicon dioxide film /with the plasma, 

wherein a residerfce time r of the fluorocarbon gas in 
the reaction chamber is controlled at a value greater than 
0.1 sec and equal to or less than 1 sec, the residence time 
r being given/by pxv/Q, where P is a pressure (unit: Pa) of 
the fluorocarbon gas, V is a volume (unit: L) of the reaction 
chamber a/id Q is a flow rate (unit: Pa • L/sec) of the fluoro- 
carbon 



2. The plasma process<lr^ method of Claim 1, wherein the 
fluorocarbon gas is a /g^f^containing at least one of C 4 F 8 , C 4 F 6 , 
C 3 F 8 , C S F 8 and C 6 F 6 ga*es 




3. The plasma processing method of Claim 1, wherein the 
idence time T\ is controlled by a mass flow controller 
provided for ttie ilasma processing system and/or a valve and 
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a pump provided for the plasma processing system. 

4. A plasma processing method comprising the steps of: 
placing a substrate inside a .reaction chamber of a plas- 
ma processing system, a silicon dioxide film having been 
formed on the surface of theysubstrate; 

introducing a fluoroc4rbon gas, which contains carbon 
and fluorine and in whioh a ratio of carbon to fluorine is 
0.5 or more, into the reaction chamber; and 

creating a plasm& from the fluorocarbon gas and etching 
the silicon dioxide /film with the plasma, 

wherein pXw//q is controlled at a value greater than 
0.8X10 4 sec • W/m/ and equal to or less than 8X10 4 sec-W/m 3 , P 
xw /Q being a/ product of a residence time r of the fluoro- 
carbon gas xJ the reaction chamber and a power density Pi of 
power appli/d to create the plasma, the residence time r be- 



it 



ing given by pxv/Q, where P is a pressure (unit: Pa) of the 
fluorocarbon gas, V is a volume (unit: L) of the reaction 
chamber And Q is a flow rate (unit: Pa • L/sec) of the fluoro- 
carbon /gas, the power density Pi being given by W 0 /V, where 
W 0 is / magnitude (unit: W) of the power and V is the volume 
(unit/ L) of the reaction chamber. 



5 . The plasma pro 
fluorocarbon gas is a 




method of Claim 4, wherein the 
ontaining at least one of C 4 F 8 , C 4 F 6/ 
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C.F., C 5 F 8 antre;F s gases 



^1 6. The plasma processing method of Claim 4, wherein the 



residence time T is dontrolled by a mass flow controller 
provided for the plasma processing system and/or a valve and 
a pump provided for thef plasma processing system. 



; 

/ma 



/ 
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7. A plasma processing method comprising the steps of: 
placing a substrate inside a reaction chamber of a plas- 
processing system; 

introducing a f luorocarbon gas, which contains carbon 
and fluorine and in which ratio of carbon to fluorine is 
0.5 or more, into the reaction chamber; and 

creating a plasma from the f luorocarbon gas and de- 
positing an organic/film on the substrate using the plasma, 

wherein a residence time T of the f luorocarbon gas is 
controlled at /) . 1 sec or less, the residence time T being 
given by P fv/Q, where P is a pressure (unit: Pa) of the 
f luorocarbon gas , V is a volume ( unit : L ) of the reaction 
chamber/and Q is a flow rate (unit: Pa-L/sec) of the fluoro- 
carbon gas . 



8. The plasma pro*?ess^ng method of Claim 7, wherein the 
f luorocarbon gas i^ containing at least one of C 4 F 8 , C 4 F S , 

C 3 F 3 , C 5 F 8 and C 6 F tf <ftsfes. 
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9. The plasma processing method of Claim 7, wherein the 
residence time r is Controlled by a mass flow controller 

\ 

provided for the plasma processing system and/or a valve and 

a pump provided for the plasma processing system. 

! 

\ 

10. A plasma processing method comprising th^steps of: 
0\j^/ placing a substrate inside a reaction ch^ifiber of a plas- 
ma processing system; 

/ introducing a fluorocarbon gas, Xrtiich contains carbon 

and fluorine and in which a ratio /of carbon to fluorine is 
0.5 or more, into the reaction cjafamber; and 

creating a plasma f rom/ the fluorocarbon gas and de- 
positing an organic film ovc the substrate using the plasma, 

wherein pxw fl /Q if controlled at 0.8 x io 4 sec • W/m J or 
less, pxw 0 /Q being A p roduct ^ of a residence time T of the 
fluorocarbon gas and a power density Pi of power applied to 
create the plasma, the residence time r being given by pxv/ 
Q, where P is /a pressure (unit: Pa) of the fluorocarbon gas, 
V is a volume (unit: L) of the reaction chamber and Q is a 
flow rate/(unit: Pa*L/sec) of the fluorocarbon gas, the pow- 
er densyity Pi being given by W 0 /V, where W 0 is a magnitude 
(unit/ W) of the power and V is the volume (unit: L) of the 
reaction chamber. 



11. The plasma proib&sying method of Claim 10, wherein 



the fluorocarbon q$G~ j& X 9 as containing at least one of C 4 F a , 
C«F 6 , C 3 F 8 , C 5 F 8 and/CT 6 F 6 gases. 




12. \he plasma processing method of Claim 10, wherein 
^fcne residence time r is controlled by a mass flow controller 

/ provided for the plasma processing system and/or a valve and 
a pump provitled for the plasma processing system. 

13. A plasma processing method comprising Jtne steps of: 
placing a substrate inside a reaction ofiamber of a plas- 
ma processing system, a silicon dioxide film having been 
formed on the surface of the substrat^ 

introducing a first fluorocarbon gas, which contains 
carbon and fluorine and in Which a ratio of carbon to 
fluorine is 0.5 or more, intj/ the reaction chamber; 

creating a first p^ajsfna from Jferfie first fluorocarbon gas 
and etching the silicori /d^xidp/f ilm with the first plasma; 

introducing a sico/id fluorocarbon gas, which contains 
carbon and f luoririe I aAd in which a ratio of carbon to 
fluorine is 0.5 at more, into the reaction chamber; and 

creating at second plasma from the second fluorocarbon 
gas and depositing an organic film on the etched silicon di- 
oxide film ^sing the second plasma, 

wherein a first residence time T l of the first fluoro- 
carbon jgas in the reaction chamber is controlled at a value 
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greater than 0.1 sec and equal to or ytess than 1 sec, the 
first residence time T 1 being given pfy P t xv/ where P x is 
a pressure (unit: Pa) of the first/f luorocarbon gas, V is a 
volume (unit: L) of the reaction chamber and Q x is a flow 
rate (unit: Pa-L/sec) of the f/Lrst f luorocarbon gas, and 

wherein a second residence time T 2 of the second 
f luorocarbon gas in the reaction chamber is controlled at 0.1 
sec or less, the second /residence time r 2 being given by P 2 X 
v/q 2 , where P 2 is a pr^4sure (unit: Pa) of the second f luoro- 
carbon gas, V is the Volume (unit: L) of the reaction chamber 
and Q 2 is a flow ray& (unit: Pa • L/sec) of the second f luoro- 
carbon gas. 



/asma processing method of Claim 13, wherein 
oc^tbon/gas is a gas containing at least one of 
c/f 8 and C 6 F 6 gases, and 
whereii/ the second fluorocarbon gas is a gas containing 
at least ode of C 4 F 8 , C 3 F 8 , C 5 F 8 and C 6 F 6 gases. 



14, The p 
the first fluo 
£4^3/ C 4 F 6 , C 3 F/, 



15./ The plasma processing method of Claim 13, wherein 
each of the first and second residence times T x and T 2 is 
controlled by a mass flow controller provided for the plasma 
processing system and/or a valve and a pump provided for the 
plasma processing system. 
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16. A plasma processing method comprising trie steps of: 

placing a substrate inside a reaction cfefamber of a plas- 
ma processing system, a silicon dioxide' film having been 
formed on the surface of the substrate;/ 

introducing a first fluorocarbon gas, which contains 
carbon and fluorine and in whixzfn a ratio of carbon to 
fluorine is 0.5 or more, into the reaction chamber; 

creating a first plasma from the first fluorocarbon gas 
and etching the silicon dioxijde film with the first plasma; 

introducing a second/ fluorocarbon gas, which contains 
carbon and fluorine ana in which a ratio of carbon to 
fluorine is 0.5 or more, into /the reaction chamber; and 

creating a second plasma from the second fluorocarbon 
gas and depositing/An organic film on the etched silicon di- 
oxide film using tAk second plasma, 

wherein P x >^W 1 v / Q 1 is controlled at a value greater than 
0.8 xio 4 sec - w/m 3 and equal to or less than 8X10 4 sec • W/m 3 , 
P 1 xw 1 / / Q 1 being a first product of a first residence time T x 
of the firsy fluorocarbon gas in the reaction chamber and a 
power densi/ty Pi x of first power applied to create the first 
plasma, the first residence time r l being given by PiXv/Q^ 
where pV is a pressure (unit: Pa) of the first fluorocarbon 
gas, v/is a volume (unit: L) of the reaction chamber and Q x 
is a flow rate (unit: Pa • L/sec) of the first fluorocarbon 
gas, the power density Pi x being given by W r /V, where Vl 1 is a 
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magnitude (unit: W) of the first power axyi V is the volume 
(unit: L) of the reaction chamber, and 

wherein P 2 xw 2 / Q 2 is controlled ?i 0.8X10 4 sec • W/m 3 or 
less, P 2 X W 2 / / Q 2 being a second product of a second residence 
time r 2 of the second f luorocarbpn gas in the reaction cham- 
ber and a power density Pi 2 of /econd power applied to create 
the second plasma, the secoryl residence time T 2 being given 
by P 2 xv/ Q 2/ where P 2 is a /pressure (unit: Pa) of the second 
fluorocarbon gas, V is tjrfe volume (unit: L) of the reaction 
chamber and Q 2 is a flo^ rate (unit: Pa • L/sec) of the second 
fluorocarbon gas, the /power density Pi 2 being given by W 2 /V, 
where W 2 is a magnitude (unit^/w) of the second power and V 
is the volume (unit/: L) of t#e reaction chamber, 

17. The plau;ma/ processing method of Claim 16, wherein 
the first f luorpc^rljfon gas is a gas containing at least one of 
C 4 F 8 , C 4 F 6 , C 3 F 8 ,/C S F 3 and C 6 F 6 gases, and 

wherein /the second fluorocarbon gas is a gas containing 
at least one/ of C 4 F 8 , C 3 F 8 , C S F 8 and C 6 F 6 gases. 



18. The plasma processing method of Claim 16, wherein 
each of Jche first and second residence times T x and r 2 is 
controlled by a mass flow controller provided for the plasma 
processing system and/or a valve and a pump provided for the 
plasma processing system. 
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